A study of the presence of myosin in the rabbit preimplantation blastocysts and early implanted embryos by Broadway, Ruby L. (Author) & Finkelstein, Isabella N. (Degree supervisor)
A STUDY OF THE PRESENCE OF MYOSIN IN THE RABBIT
PREIMPLANTATION BLASTOCYSTS AND EARLY
IMPLANTED EMBRYOS
A THESIS
SUBMITTED TO THE FACULTY OF ATLANTA UNIVERSITY
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS








Broadway, Ruby L. B.S., Livingstone College 1976
A Study Of the Presence Of Myosin In the Rabbit
Preimplantation Blastocysts and Early Implanted
Embryos
Advisor: Dr. Isabella N. Finkelstein
Master of Science degree conferred December, 1978
Thesis dated August, 1978
A considerable amount of work has been carried out in the
in vitro cultivation of the mammalian ova, but little has been
done about precursor cells in embryonic development, especially
at the blastocyst stage. The purpose of this work was to deter¬
mine if the presence of specific heart protein, such as cardiac
myosin, can be used as a protein marker for the identification
or precardiac cells during early blastogenesis in the rabbit
embryo•
Cardiac myosin, which is normally found in the adult heart
of the New Zealand rabbit, has been associated with embryonic
heart. Previous studies of skeletal myosin have shown fairly
pure extractions. To establish the purity of cardiac myosin
polyacrylamide gel electrophoresis was used. There were, however,
slow moving bands which were indicative of other proteins (possibly
actin and tropomyosin).
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Guinea pigs were iimnunized with rabbit cardiac myosin and
the antibody present in the serum was tested against purified
cardiac myosin using agar gel double diffusion techniques. This
serum contained antibody against cardiac myosin from both embryonic
and adult hearts.
Further studies, using fluorescein-labelled antibody techniques,
revealed that cardiac myosin was Identifiable in the 10-day-old
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Cardiac myosin extracted from adult hearts of New Zealand
White Rabbits has been shown to be similar to embryonic cardiac
myosin. This thesis deals with the earliest possible identifi¬
cation of cardiac tissue during embryonic development of the rabbit
Our work revealed the presence of cardiac myosin in the early im¬
planted embryos, but not in preimplanted blastocysts.
In the past years, a considerable amount of information
has been obtained dealing with the structure and enzymatic
properties of myosin in vitro. However, the largest amount of
information dealt with rabbit skeletal myosin. An equally
extensive investigation of heart (cardiac) myosin has been
discouraged due to the difficulty of purifying this important
contractile protein. Nonetheless, previous work has revealed
that heart (cardiac) myosin differs from skeletal myosin with
respect to its ATPase (adenosinetriphosphate phosphohydrolase)
activity and its digestion with trypsin (Gelotte 1954; Gergely,
1959; Ellenbogen et al., 1960; Brahms and Kay, 1963; Mueller et al.
1964; Barany al., 1964) .
The heart of the rabbit embryos, like the heart of all
vertebrates, is composed of peculiar striated muscle fibers which
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contract automatically, consistently and rhythmically. Daniel (1970)
has developed techniques to identify cells or cell masses early in
the heart-forming areas. Myosin, the major component of the thick
muscle filaments, has been subjected to intensive physicochemical
study by many investigators. Ebert (1950, 1952) has shown, by
absorption and precipitin tests, that antisera produced in rabbits
against extracts of adult chick hearts will react with extracts of
the early chick embryo prior to the morphogenesis of the heart.
Antigens stimulate the production of antibodies, blood plasma pro¬
teins, by the body. For a substance to be antigenic, that is, to
elicit antibody synthesis with binding specificity directed towards
it, the substance must be a high molecular weight (10,000 daltons)
protein, lipoprotein, glycoprotein, polysaccharide, llpopolysaccharlde,
or nucleic acid, recognized as foreign by the Invaded animal. The
antibody binds specific structures (antigenic determinants) on the
surface of the antigen.
In 1948, A. M. Schechtman gave the first clear-cut observation
of the presence of organ antigen in the early chick embryo. He
reported that the substance of common antigenic character in saline
extracts of the brain, heart, liver and muscle of the nearly hatched
(19-22 days) chick is present in extracts of the primitive streak
and neurula stages of the chick embryo. Davidson (1973) concluded
that the production and localization of antisera to nervous and
heart tissue from the 16-day rabbit embryo reveal cross reactivity
in the 16-day embryo.
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The objective of this research was to determine, using
fluorescent antibody techniques, whether myosin could be detected
in the preimplantation rabbit embryo.
CHAPTER II
REVIEW OF LITERATURE
Isolation Of Cardiac Myosin From Adult Rabbits
It has been established that adult cardiac myosin is similar
to embryonic cardiac myosin. The isolation procedure for cardiac
myosin is similar to the well-known Szent-Gyorgyl (1951) method
for skeletal myosin. Its principal features are short extractions
at pH 6.5 to 6.8 (in order to prevent extractions of actomyosin),
removal of any small amounts of actomyosin which may have been
dissolved and, finally, the removal of water soluble sarcoplasmic
proteins.
Previous studies on the physicochemical properties of cardiac
myosin have led to estimates of molecular weights ranging from
225,000 D to 750,000 D. Comparable values for the molecular weight
of skeletal myosin, ranging from 400,000 D to 620,000 D were obtained
by several Investigators using the Archibald method. Because of
the extensive discrepancies, a comparison of the molecular parameters
of skeletal and cardiac myosin entailed some uncertainty. Gergely
and Kohler (1957), as well as Davis et al. (1960) drew conclusions
that the molecular weights of skeletal and cardiac myosin were
identical, approximately 500,000 D for both proteins.
Efforts to characterize the functional and structural properties
of cardiac myosin under different physiological conditions are often
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impaired by an inability to isolate high yields of purified myosin.
Myosin, a fibrous globulin, interacts with actin and adenosine tri¬
phosphate, tropomyosin, and troponin. Several investigators, including
Shiverick et al. (1974), Mueller et al. (1964), and Baril et al. (1966)
have devised preparative techniques for high yields. Mommaert’s (1958)
procedures promoted removal of actomyosin. His procedures involved
tissue homogenization and stirring to promote myosin extraction.
Removal of actin from skeletal myosin preparations is rountinely per¬
formed by either precipitation of actin after disassociation of
actomyosin with ATP (Weber, 1956). Baril et al. (1966) and Gaetjens
et al. (1968) found that during myosin preparation there were other
contaminants (RNA, myokinase and AMP deaminase) which can interfere
with purification. According to Swynghedawu et al. (1973) and
Klied et al. (1972), removal of these contaminants is accompanied
by the problem of low yields.
Electrophoresis
Electrophoresis is the migration of charged particles in an
electrical field (Lewis, 1960). The rate of migration is dependent
upon magnitude of the charge, the nature of the medium and other
factors. Svedberg and Tiselius (1926) were the first to perform
electrophoresis. This was carried out in a liquid medium. The
technique, referred to as Moving Boundary Electrophoresis for many
years, was the reference method for defining the mobilities of serum
proteins. Later, zone electrophoresis replaced Moving Boundary
Electrophoresis. Zone electrophoresis is the migration of a test
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material in an electrical field through a highly viscous solid or
suspension supporting medium, such as agar, paper, cellulose acetate
or starch acrylamide gel, Smithie (1955) first used starch gels as
a supporting medium in his work with serum proteins from human adults.
A revised procedure for polyacrylamide gel disc electrophoresis
was done in vertical glass tubes. The vertical arrangement, with
the sample migrating downward, took advantage of gravity by assisting
in the stabilization of the sample during the period of electro¬
phoretic concentration while the sample is still in solution.
Gels made up of acrylamide were not the first gelling agent
explored in electrophoresis (Malzel, 1971). Raymond and Wientraut
and Davis and Ornstein, as quoted by Ornstein (1964), independently
suggested polyacrylamide gel as a stabilizer medium for zone electro¬
phoresis. Acrylamide is a simple organic substance which is
available in rather pure forms. Its purity has advantages over
other gelling agents, such as agar, agarose and hydrolyzed
starches, which are contaminated to several degrees with natural
impurities (degradative enzymes)• Starch gel electrophoresis is
carried out in discontinued buffer and the gels have a pore structure
which gives a molecular screen effect to the migrating proteins
(Poulik, 1957). Also, the discontinuous buffer system sharpens the
electrophoretic zones of the individual components. Acrylamide gel
disc electrophoresis has several advantages over starch gel techniques.
A few advantages are faster runs, continuous and discontinuous buffer
systems, ease of preparation, variation of pore size and the inactivity
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of gel components (Hjerten et al., 1965; Allen et al., 1969).
However, greater separation is possible with starch and polyacrylamide
gel media because of the size of each medium can be made to be similar
to the pore size of the molecule (that is, protein) to be resolved
(Shaw, 1969).
Fluorescent Antibody
Using fluorescent labelling for antibody localization is
relatively recent. Hopkins and Wormall (1933) were the first to
conjugate proteins to aromatic isocyanates through carbamido linkage.
They concluded that the £ - amino group of lysine was the most likely
reactive site. Later, Creech and Jones (1941) worked out the
conjugation isocyanates of higher aromatic hydrocarbons to proteins.
Coons and Kaplan (1950), Coons et al, (1951), and Marshall (1951)
have shown that fluorescent labelled antibodies, applied to fresh
frozen or dry frozen tissue, may reveal the localization of antigens
in the tissue. Clayton and Feldman (1955) agreed with Coon’s
method when the antigens concerned were well characterized. In
1950, Pressman and Elsen used antisera labeled with or for
in vivo localization of tissue antigens. Clayton’s 1954 studies
revealed evidences of better localization within cells.
Using in vitro Immunological reactions, Ebert (1953), detected
cardiac myosin in the primitive streak stage of the chick before
there were any signs of histological differentiation of the heart.
Myosin isolated from adult rabbit heart was used to produce antisera.
Female rabbits were sacrificed by cervical dislocation, and the
hearts removed and placed in ice-cold saline, Male guinea pigs
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(Hartley strain) weighing between 500 and 700 grams were used as
antibody producers. Each guinea pig was given an intradermal
injection of a preparation of myosin from adult heart tissue in a
total volume of 0.2 to 0.8 ml or 0.5 to 1.0 ml, respectively. Ether
was used as an anesthetic. The schedule of injections consisted of
four injections at 2-week intervals, followed by a trial bleeding 6
days after the last injection. A booster, identical to the immunizing




Adult rabbit hearts were removed, chilled in ice-cold saline,
homogenized and weighed. The tissue was then extracted at A C with
constant stirring for 20 min, in three volumes of extracting solution
(0.5 M KCl and 0.1 M K2HPO4). The homogenate was centrifuged at top
speed (12,000 x g) for 20 min. The pellet was discarded and the
supernatant was measured in graduated cylinders. Ten volumes of
distilled water were added to 0.2 ml of 0.5 M acetic acid in four
liter beakers. The mixture was poured slowly (1-2 min) into the
distilled water with no stirring. (Note; the myosin will settle
to the bottom of the beaker). The mixture was stirred slowly with
magnetic bars for a minute of two, making it homogeneous. Addition
of about 10 ul (0.1 ml) of 0.5 N acetic acid brought the pH to 6.4.
Again, the suspension was spun 30 min. The supernatant was poured
off and the precipitate (pellet) was removed and weighed. A volume of
2 M KCl was added to make a 0.5 M solution (multiply the weight of the
precipitate by 0.332). Using a Pasteur pipette 15 drops of 1 M NaHC03
were added, and stirred for 1-1/2 hr until the precipitate was in
solution. The final volume was increased to 4.2 ml by diluting with
cold glass-distilled water; the pH was readjusted to 6.7 with 1 M
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NaHCO^ buffer and the solution was centrifuged at top speed for 30
min. Again, the precipitate (pellet) was discarded and the super¬
natant was poured into a graduated cylinder to determine the volume
of water necessary to dilute to 0.04 M KCl. The myosin was again
poured slowly (1-2 min ) into distilled water. The distilled water
plus the myosin was stirred slowly with a magnetic bar until once
again homogeneous. Using 0.5 M acetic acid the pH was returned to
6.4. Centrifugation was repeated for 40 min, and the supernatant
was then recentrifuged. Upon scraping out the precipitate, addition
of 2 M KCl (0.303 x weight) made the final volume proportional to the
previous volume. After adding again 15 drops of 1 M NaHCO^, the
pH was rechecked and brought to 6.9. The myosin was stirred slowly
overnight at 4 C and stored at -4 C until ready for use.
Electrophoretic Procedures
Disc Gel Preparation: For a typical run of 12 gels, 15 ml
of gel buffer was mixed with 13.5 ml of 10% acrylamide solution.
Freshly made ammonium persulfate solution (1.5 ml of 15 mg per ml)
and 0.045 ml of N,N,N’,N’ tetramethylethylenediamine were added.
After mixing, each tube was filled with 2 ml of the solution. Before
the gel polymerized completely, a few drops of water were layered on
top of the gel solution. After 10 min an interface indicated that
the gel had solidified. Just before using, the water was aspirated
off gently with a Pasteur pipette, and the tubes were placed in the
electrophoresis apparatus. The electrophoresis chamber was filled
with gel buffer diluted 1:1 with distilled water.
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Gel Preparation; For a 10% acrylamide solution, 22.2 g of
acrylamide was mixed with 0.6 g of methylene bisacrylamide dissolved
in 100 ml of distilled water. After mixing, the solution was filtered
through Whatman //I filter paper. The filtrate was stored in a dark
bottle and kept refrigerated at 4 C.
Gel Buffer: A pH 7 buffer was prepared using 8.82 g of NaH2P04'
H2O (monobasic); 38.6 g of NaPHO^’ H2O (dibasic) and 1.0 g of sodium
dodecyl sulfate in a final volume of one liter.
Sample of SDS: For each gel 3 ul of tracking dye (0.05%
bromophenol blue in water), 1 drop of glycerol, 5 ul of dithiothreitol
(DTT), and 50 ul of 0.1% DTT buffer pH 7 was mixed. For individual gel
tubes, 10 to 50 ul of the cardiac myosin for electrophoretic analysis
was added to the 3 ul of tracking dye, glycerol, 5 ul of DTT, and 50 ul
buffer solution in 2 ml test tubes. After mixing, the individual
samples were applied to the gels. Gel buffer diluted 1:1 with
distilled water was carefully layered on top of each sample to fill
the tubes.
Separation: Separation of protein was accomplished by discontinuous
electrophoresis gels. Electrophoresis was performed at a constant
current of eight (8) milliamps (ma) per gel, with the positive (+)
electrode in the lower chamber. The single cell operation had a
capacity of 60 volts, yielding a total voltage of 720.
Gel Removal; After the run, the gels were allowed to stand for
10 min. They were removed by placing a thin glass rod at the bottom
of the gel and applying slight pressure. Once the pressure was applied
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correctly, the gels floated out of the electrophoretic tubes into
individual staining tubes.
Staining: The gels were placed in small tubes filled with
staining solution. The staining solution was prepared by dissolving
1.25 g of Commassle Brilliant Blue in 454 ml of 50% methanol and
46 ml of glacial acetic acid. Insoluble materials were removed by
filtration using Whatman #1 filter paper. The gels were stained at
room temperature for two days.
Destalning: The gels were removed from the staining solution,
rinsed with distilled water, and placed in destalning solution com¬
posed of 75 ml of acetic acid and 50 ml of methanol in a final volume
of 1 liter. The gels were destained for two days, with changes of
destalning solution made every two to four hours. After destalning,
the gels were stored in 7.5% acetic acid solution.
Elution of Protein From Gels: All gels were run with 0.1 mg of
protein. Three gels were stored at 4 C in Saran Wrap, while the other
gels were stained and destained to determine the localization of the
protein band. The adjacent area of the unstained gels were cut into
several tiny pieces and suspended in small amounts of 0,1% SDS solution
for several hours at 37 C. The effluents were lyophilized in a
centrifuge tube. After lyophilization 100 ml of distilled water was
added to lyophilizate. Then nine parts of ice-cold acetone was added
per one part of distilled water. The protein precipitated, whereas,
the detergent (SDS) stayed in solution. The precipitate was trans¬




Protein determination was done according to the methods of
Lowery et al. (1951) and/or Murphy and Kies (1960). The latter
method is based on peptide bond absorption which occurs in the
195-225 nm region. Absorbance was measured with a Cary 17
Spectrophotometer. The protein concentration was determined by
the absorbance of protein at 215 and 225 nm and was calculated
according to the following equation.
mg protein per ml = ^^21.5 ~ ^225
The absorption difference was used to minimize errors resulting
from non-protein compounds in the solution.
Antibody Formation In Male Guinea Pigs
Injection of myosin; The hair was removed from the area of the
animal to be injected by using electrical animal clippers. The
animal was held against a horizontal surface, exposing the site to
be injected, and wiped with alcohol. Having chosen the proper in¬
jection route, the following procedures were carried out using 1" , 24
and 26 gauge needles.
1. Subcutaneous Injections: The skin was raised with the
thumb and index finger of the left hand. With the right
hand, as much of the needle as possible was inserted
underneath the skin, parallel to the underlying muscle.
After the cardiac myosin was injected, the needle was
quickly withdrawn.
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2. Intracutaneous injections: The skin of the animal
was stretched between the thumb and the index finger
of the left hand. Holding the syringe with the right
hand at an angle of 30° to the surface of the skin, the
needle was inserted just above the outer skin layer.
After slow injection, the needle was removed so that
a blob could form.
3. Footpad Injection: A commonly used site for intracutaneous
inoculation of guinea pigs was the foot pad of the hind leg.
The needle was allowed to penetrate through the center of
the sole until resistance against the needle ceased. Care
was exercised not to lodge the needle against one of the
metatarsals.
Bleeding the Animal By Cardiac Puncture
Immunized male guinea pigs were bled by cardiac puncture.
Between 2.5 ml of 5.0 ml of blood was taken during trial bleeding;
10 ml during major bleeding. For initial bleedings, 30 ml to 50 ml
of blood was collected and immediately put into test tubes and allowed
to clot overnight at 4 C. The serum was decanted, centrifuged and
stored at -20 C until used.
The animal was placed in a supine position on a small-animal
board, legs fastened with a piece of string by placing a slipknot
above the ankle joint. After complete immobilization, cardiac
puncture was employed. With a sterile 10 ml syringe, sterile needle
(22 gauge, 1-1/2"), 70% alcohol, and sterile 15 ml centrifuge tube.
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covered with aluminum foil, the procedure was carried out as follows:
1. The guinea pig was shaved over the thorax and about
5 cm below the sternum, and the area wiped with ethyl
alcohol.
2. After locating the xiphoid process and the last sternal
rib to the left of the midline of the animal, the needle
was inserted at 30° angle, just caudal to the point of
junction of these two structures.
3. With the needle and syringe kept in this position, the
needle was slowly advanced until the pulsation of the
heart was felt. Blood (10 ml) was collected by slowly
withdrawing the syringe plunger.
4. After the bleeding was completed, the needle was withdrawn
from the animal. The needle was removed from the syringe
and with the flow of blood directed against the wall of
the centrifuge tube, the syringe was emptied. Note: Lysis
is reduced by avoiding foaming during delivery of the blood
into the tube.
5. Separation of the serum was performed by Method D
(Campbell et al., 1970).
Preparation and Preservation Of Serum
Basically, there are three steps in preparing serum from whole
blood: coagulation, separation from the clot, and clarification.
Procedures for preparation and preservation of serum were as follows;
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1. Freshly drawn blood was allowed to stand 1 to 2 hr at
room temperature for clot formation. Carefully, the clot
was separated from the wall of the tube with a steel
spatula and stored in the refrigerator for 12 to 24 hr
to allow clot contraction.
2. The serum was poured into clean tubes and centrifuged at
100 X g for 30 min at about 4 C.
3. Step 2 was repeated to remove the remaining erythrocytes
or white cells.
4. The serum was used for immunodiffusion and immunofluorescence.
Histology
Fresh tissue; Fresh tissue from pregnant New Zealand White
Rabbits was secured and immediately placed in neutral buffered
formalin fixative for 12 to 16 hr. The tissue was dehydrated
through a series of ethyl alcohol solutions: 35%, 50%, 70% 95% and
100%. Then the tissue was cleared in a 1:1 mixture of 100% ethyl
alcohol and xylol, two changes for 3 min each. The tissue was then
placed in pure paraplast (2 changes) for 3 min each, infiltrated
from 10 min to 4 hr in a vacuum infiltrator, and then embedded in
paraplast. After embedding the tissue in paraplast and allowing it
to harden overnight in plastic peel away boats, sections were cut
at 5 to 15 u on an AO Spencer "820" rotary microtome. The sections




For testing antisera, immunodiffusion and immunofluorescent
staining methods were employed. Immunodiffusion was carried out
according to the method described by Ouchterlony (1968) with modifi¬
cations by Davidson (1973). To prepare the plates, a 1% solution of
agarose in phosphate buffered saline (PBS), pH 7.2, was prepared
containing 0.1 percent sodium azide. Ten milliliters of agarose
solution was poured into 100 mm x 15 mm plastic petri dishes and
allowed to solidify. Wells were cut in the gels with a distance of
1 cm between the inner and outer wells. The wells were filled with
the appropriate antisera or antigen, and refilled after the samples
had diffused into agarose. The plates were stored at room temperature
in a humid chamber and examined daily over a period of five days for
the production of precipitin bands. The plates were washed in 0.9%
saline for 48 hr, stained with amido black (Wieme, 1965), and
photographed with Kodak Ektachrome 200 color film.
Immunofluorescence
Fixation of tissue: Normal embryonic tissue (10-day fetal
heart, 6-3/4 day blastocyst) was obtained from New Zealand White
Rabbits. The tissue was quickly put into a small beaker containing
a small amount of 2-methyl butane, then placed into another beaker
of liquid nitrogen for cooling. The fresh tissue can also be placed
into an optical temperature cutting (O.T.G.) compound and placed
in the cryostat at -20 C. Sections were made from the frozen samples.
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Coating the slides: Upon sectioning of the tissue, the
slides were cleaned in 70% ethanol and wiped dry. Thumb tacks
were placed on the slides and the slides were sprayed with fluoro¬
carbon. After the slides dried, the thumb tacks were removed leaving
clear, round circles, where the tissue was placed.
Indirect staining methods; Tissue was sectioned at 1-1/2 to
2 u and placed in a slide holder immersed in cold phosphate buffered
saline (PBS) at pH 7.2 and refrigerated for 1 hr. After the antisera
were added, the slides were incubated for 1/2 hr in a moist chamber
at 4 C. Using a Pasteur pipette the antisera were carefully rinsed
off with PBS and washed three times for 10 min each in a slide
chamber at room temperature. The slides were then blotted dry, taking
care not to let the tissue dry out. A 1:8 dilution of the conjugated
fluorescein isothiocyanate (F.I.T.C) anti-guinea pig serum produced
in rabbit (Miles Laboratory) was added and incubated for 1/2 hr in a
moist chamber at 4 C. A repeat for removal of F.I.T.C. was carried
out and the slide mounted in PBS/Glycerol (PBS/glycerol in 1:2 ratio).
The slides were then ready for observation or for storage in a
dark box for no more than two months.
CHAPTER IV
EXPERIMENTAL RESULTS
Molecular Weight Determination By Dodecyl Sulfate -
Polyacrylamide Gel Electrophoresis
Before proceeding with molecular weight determination of myosin,
the relationship between electrophoretic mobilities and molecular
weights of different proteins was examined. Either several SDS-
denatured proteins were mixed and run together on one gel or they
were run Individually on different parallel gels. Identical results
were obtained from both procedures.
The control gel for myosin extraction shown In Fig. 1 Indicates
separation of several proteins on a single gel. Figure 2 shows a
similar mixture, but without C-proteln and light chain #3, Known
molecular weights of several different polypeptide chains which
coincides with our data are shown In Table 1. Figure 3 shows the
electrophoretic pattern of cardiac myosin. All extracts show myosin
with the same maximum mobility. Purified samples of myosin con¬
sistently have one band. The slow moving bands appear as a
mixture of actln and tropomyosin and light chains one, two and three.
Figure 4 Illustrates the determination of the molecular weights
of eight polypeptide chains and Fig. 5 shows five polypeptide chains,
both Including cardiac myosin. Again, the electrophoretic mobility
of the polypeptide chains are plotted against molecular weight.
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Fig, 1. Separation of the polypeptide chains of different
proteins. The proteins are listed front top to bottom;
A. Heavy chain myosin (200,000 D); B, C-protein
(84,000 D); C, Actin (42,000 D); D. Tropomyosin (35,000 D)j
E. Light chain #1 (25,000 D); F. Light chain #2 (18,000 D)





Fig. 2. Separation of the polypeptide chains of different
proteins omitting the C-protein and light chain #3,





Table 1, Known molecular weights of various polyeptide chains
Protein Molecular Weight
(daltons)








Fig. 3, Electrophoresis of myosin showing a mixture of actin
and tropomyosin. A. represents cardiac myosin;
B. represents a mixture of actin and tropomyosin.
The units of measurements are in daltons.
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Fig. 4. Examination of the molecular weight of polypeptide
chains from a mixture of eight proteins. (Drawn on
semi-logarithm scale.) The units of measurements
are in daltons.
24
Fig. 5. Examination of the molecular weights of polypeptide
chains from a set of five individual gels. (Drawn on





From the electrophoretic mobility, we found that the molecular weight
of cardiac myosin is 80,000 daltons.
Immunodiffusion
The reaction of the protein, cardiac myosin with anti-myosin
antiserum produced in guinea pigs, was visualized by immunodiffusion
techniques. Figure 6A depicts typical precipitation reactions obtained
by agar double diffusion analysis. Reaction of anti-serum against
myosin produced four fairly sharply defined precipitin bands which
appear in equal distribution between the myosin and the anti-myosin
(Fig. 6B). The proximal band fused with the single precipitin which
formed adjacent to the wells containing purified myosin, thus indica¬
ting a line of identity. A similar line of identity was seen when
anti-embryonic heart antisera were allowed to react against embryonic
hearts (Fig. 7A), adult hearts and embryonic hearts, but not against
adult liver or embryonic liver. Fig. 7B. Figure 8 clearly shows that
anti-rabbit cardiac myosin will not give visible identity between
adult or embryonic liver, but did show cross reactivity between adult
and embryonic hearts as well as cardiac myosin, with a high degree of
similarity.
Fluorescent Antibody Technique
In this test, the indirect method was studied and observed.
This two-step process Involves the rabbit heart tissue, anti-myosin
serum and fluorescein labeled antibody. Figures 9-12 show how the
F.I.T.C. conjugated anti-guinea pig serum produced in rabbit localized
cardiac myosin in the 10-day-old embryonic rabbit heart, whereas in
the 6-3/4-day blastocysts, cardiac myosin was not localized.
Fig. 6A. Precipitation reactions obtained by agar double
diffusion.
Fig. 6B. Agar double diffusion indicating a line of identity
between anti-myosin produced in guinea pigs and
cardiac myosin.
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Fig. 7A. Similar identity between anti-embryonic hearts and
embryonic hearts.
Fig. 7B. Identity is shown between adult hearts and embryonic
hearts to anti-myosin, but not between adult liver
and embryonic liver. A. represents adult heart;
B. represents embryonic heart; C. represents anti¬
myosin; D. represents adult liver and E. represents
embryonic liver.
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Fig. 8, A summary of the cross-reactivity of anti-cardiac
myosin (center) with representative tissues.
A. adult liver; B. cardiac myosin; C. adult heart;
D. embryonic heart; E. cardiac myosin and F, embryonic
liver.
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Fig. 9. A section of the 10-day-old embryonic heart with
conjugated fluorescein isothiocyanate. (lOX 15 sec.
exposure).
Fig. 10. A different area of the 10-day-old embryonic heart
with conjugated fluorescein isothiocyanate.
(lOX 30 sec. exposure).
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Fig. 11. A section of the 10-day-old embryonic heart with
conjugated fluoroscein isothiocyanate. (lOX 45
sec. exposure).
Fig. 12. A section of the embryonic heart with conjugated




Recent studies of cardiac myosin indicate that preparation
of a highly purified myosin from small amounts of myocardium yields
1-2 mg/ml protein (Klied et al. 1972; Swynghedauw et al. 1973).
Brahms and Kay, (1963), Mueller et al. (1964), and Szent-Gyorgyi
(1951) have described procedures for the reduction of actomyosin
contamination in cardiac and skeletal myosin preparation by using
an extracting solution containing ATP to facilitate actomyosin
dissociation. However, Swynghedauw et al. (1973), clearly showed
that, in spite of brief extractions in the presence of ATP, homo¬
genization of heart muscle is sufficient to contaminate the myosin
preparation with actin, troponin and tropomyosin impurities which
cannot be removed even by chromatography. By changing the concen¬
tration of the extracting solution and decreasing the time for
extraction to minimize temperature increase and foaming we were
able to increase the field of myosin. The combined use of tissue
homogenization, shortened extraction time and stirring at 0,5C also
contributed to a much higher yield of purified myosin.
Surprisingly, no significant difference in myosin concentration
was observed when comparing the protein determination method of
Murphy and Kies (1960) and Lowery et al. (1951), With the former
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method, cardiac myosin concentrations ranged from 2.06 mg/ml to
10.06 mg/ml, whereas it ranged from 4.12 mg/ml to 11.02 mg/ml with
the latter method. This indicated that the Murphy and Kies method
and the Lowery method are equally sensitive methods for determination
of myosin.
Separation of native proteins on polyacrylamide gel was shown
by Ornstein (1964) to be dependent not only on the charge but very
strongly on the size of the molecules. The binding of proteins on
dodecyl sulfate ions has been shown for several proteins and has
been asstimed to be the basis of the separation of the denatured pro¬
tein upon SDS electrophoresis on polyacrylamide. The results pre¬
sented show that the determination of the electrophoretic mobility
can be obtained whether the proteins are run on different gels or on
the same gel.
We have determined molecular weights of four different proteins
and our results fall within the experimental error of the known values.
In addition, it is worth noting that SDS gel electrophoresis yields
not only excellent results for proteins, which are globular in the
native state, but also for highly helical, rod-shaped molecules such
as myosin.
According to Webber and Osborn (1969), known markers approximate
10% accuracy when determining the molecular weight of an unknown protein
falling within the molecular weight range of the marker. When examining
the protein cardiac myosin, obtained in the current study, a polypeptide
chain was found having a molecular weight of 80,000 daltons. Using
varying concentrations, the protein did not actually yield a sharp
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narrow band, but a wide possibly complex one. The bands were
compared with the results of Shaw (1969) and those of Woods (1965).
In all instances a single polypeptide chain with a molecular
weight of 35,000 daltons was recorded.
In the double agar gel diffusion techniques (Ouchterlony,
1968), gels, usually clear agar, are used as matrices for combining
diffusion with precipitation. The reactants simply diffuse through
the gel toward each other and precipitation results where the
optimal antlbody/antlgen ratio has been reached. A single antigen
will give rise to a single line of precipitation in the presence
of its homologous antibody. When two antigens are present in a
system, each behaves Independent of the other. Thus, if several
bands of precipitation are evident, there are at least that many
antigen - antibody combinations present. Ouchterlony distinquished
three principal types of reactions that may be observed when related
antigens in adjacent wells react with antibodies against the various
antigenic determinants diffusing from a central well. Type A, the
so-called reaction of identity is characterized by fusion of bands
of precipitate. In type B, the reaction of nonidentity, the
precipitate lines Intersect or cross because the samples contain
no antigenic determinant in common. Type C, spur formation, is the
reaction obtained when the two antigens compared possess common
determinants, but also show antigenic differences. When excessively
high antigens or antibody concentrations are used, the entire area
between the two wells will be in the antigen or antibody excess.
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respectively. This mean that weak bands may be formed but soluble
complexes will not be visible.
In this study, guinea pig anti-rabbit cardiac myosin serum
was investigated by Ouchterlony gel diffusion against rabbit cardiac
myosin as well as other combinations. Four lines of evidence render
the posslbllty of an active myosin preparation. When antl-embryonlc
hearts were used with embryonic hearts, results were obtained that
indicated similar identity. In studying both adult and embryonic
hearts and livers to anti-myosin, identity was observed between anti-
myosin and the adult heart as well as embryonic heart, but no identity
between adult and embryonic liver.
Antibody specificity means that the serum antibody molecules,
generally globulins, react only with the substance that produces them
(the homologous antigen) or with the substances showing a very close
relationship to the homologous antigen cross-reaction with heter¬
ologous antigens (Daniels, 1970). Antibodies, against purified
antigens, may develop three types of specificity. The antibody may
react only with its homologous antigen or the antibody may show
organ specificity and/or species specificity. Fluorescent antibody
techniques take advantage of antigen-antibody specificities by
demonstrating whether, when and where, specific macromolecules are
showing up during the developing process.
The indirect fluorescent antibody procedure required two steps:
First, unconjugated, specific antiserum (developed in guinea pig)
was reacted with the specific homologous antigen. Second, the
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antiserum prepared in the guinea pigs directed against gamma
globulins of the specific antigen (guinea pig antiserum against
rabbit gamma globulin) was conjugated with fluorescein; the
conjugated anti-globulin was then reacted with the specific antigen.
In this study, fluorescein labeled anti-guinea pig globulin serum
reacted with the guinea pig globulin antibodies that were attached
to specific tissue antigen.
To further investigate this study, characterization of the
antisera for immunological specificity must be undertaken. When
this is met, this immunohistological procedure can provide excep¬
tional distinctive information about the behavior of specific
areas of tissue during embryonic development. Too, it reveals
the time of appearance and disappearance of specific embryonic
and adult antigen, and of their translocation during different¬
iation. Hence, it brings about a connection between stages before
distinctive morphological changes are manifested.
CHAPTER IV
SUMMARY
1. The objective of this study was to detect the presence
of cardiac myosin in the rabbit preimplantation blasto¬
cysts and implanted embryos.
2. Adult rabbit cardiac myosin was purified and characterized.
The polypeptide chain has a molecular weight of 80,000
daltons.
3. The purified myosin was used to produce anti-myosin
antibodies in guinea pigs.
4. Homogeneity was determined between the anti-myosin and embryonic
heart, adult heart and cardiac myosin. No lines of identity
were observed between the anti-myosin and adult liver or
embryonic liver.
5. Fluorescent antibody studies were performed using the anti-
myosin. Cardiac myosin was shown to be present in the heart
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